The present investigation was aimed at determining the prevalence and the blood pressure (BP) profile of isolated ambulatory hypertension, defined as an elevated ambulatory BP with normal office blood pressure, in a series of 1488 consecutive outpatients referred for routine clinical evaluation of suspected or established arterial hypertension. All patients underwent both office BP (OBP) measurement by a physician and 24-h ambulatory blood pressure monitoring (ABPM). Using OBP values (cutoff for diagnosis of hypertension X140/ 90 mmHg) and daytime ABPM (cutoff for diagnosis of hypertension X135/85 mmHg), patients were classified into eight subgroups. In the whole series we found that, independent of treatment status, the prevalence of isolated ambulatory hypertension exceeded 10%. More importantly, 45.3% of individuals who presented with normal OBP values, showed elevated BP at ABPM. Night-time BP, 24-h pulse pressure, and BP variability were significantly higher in isolated ambulatory hypertensives than in normotensive or in white-coat hypertensive individuals. Therefore, isolated ambulatory hypertension is characterized by a blood pressure profile that is similar to that observed in sustained hypertension. These findings suggest that isolated ambulatory hypertension is very common and probably the indications for ABPM should be more extensive in outpatients referred to hypertensive centre.
Introduction
Ambulatory blood pressure monitoring (ABPM) has gained widespread acceptance to improve the accuracy of clinical assessment of patients with arterial hypertension, 1, 2 and its employment in clinical practice has revealed that substantial discrepancies may exist between office blood pressure (OBP) and 24-h blood pressure measurements. 2, 3 Among these discrepancies, 'white-coat hypertension' was the first to be defined, almost 10 years ago, as the association of elevated OBP with normal ABPM values. 4, 5 The opposite phenomenon, that is, the association of normal OBP values with elevated ABPM, has been described more recently as 'whitecoat normotension', 6 or 'isolated ambulatory hypertension', 7 or 'reverse white-coat hypertension'. 8 While the prevalence, the pathophysiological characteristics and the consequences of white-coathypertension on target organs have been extensively analysed, [9] [10] [11] [12] isolated ambulatory hypertension has received a more limited attention. Data from small series of normotensive volunteers suggested that left ventricular mass and carotid intima-to-media thickness were increased to a similar extent in patients with isolated ambulatory hypertension and sustained hypertension. 6 A recent epidemiological survey reported that the prevalence of isolated ambulatory hypertension was around 10% in the general population, and suggested that this phenomenon was associated with a certain degree of left ventricular hypertrophy. Moreover, Bjö rklund et al 13 have demonstrated recently that isolated ambulatory hypertension predicts cardiovascular morbidity in elderly hypertensives. However, whether isolated ambulatory hypertension is also common in patients referred for clinical assessment of hypertension, or is associated with a peculiar BP profile, is still to be ascertained. The present investigation was therefore carried out to determine clinical prevalence of isolated ambulatory hypertension in a series of patients referred to an outpatient hypertension clinic.
Methods

Subjects and clinical data
The analysis included all the 1488 consecutive subjects who were referred to the Hypertension Center of the Department of Geriatric Medicine at the University of Florence for clinical evaluation of hypertension, between December 1995 and December 1999.
A standardized questionnaire on familial, medical and pharmacological history, was recorded for each subject. Medical history was particularly aimed at defining the duration and values of hypertension, as well as the presence of diabetes, dyslipidaemia, other cardiovascular or renal diseases. The type, number and administration schedule of all medications, were also recorded. Demographic data included age, gender, body weight and height, and body mass index (BMI).
Procedures
All patients underwent both OBP measurement and 24-h ABPM. OBP was measured by a physician using a mercury sphygmomanometer, with a cuff deflation rate of 2 mmHg/s. Systolic and diastolic BP (SBP and DBP) were recorded at Korotkoff phase I and V, respectively. A cuff larger than the standard one was used when arm circumference exceeded 32 cm. Two OBP measurements were taken 24 h apart, when ABPM was placed and removed. Patients were asked to abstain from cigarette smoking and coffee drinking for at least 30 min prior to BP measurement. BP was measured twice in each arm suspended approximately at the heart level, after at least 10 min in the sitting position; a third measurement was obtained if the first two differed by more than 5 mmHg. All such measurements were averaged to represent OBP.
ABPM was carried out with a SpaceLabs 90207 oscillometric device (SpaceLabs Medical Inc., Redmond, WA, USA), 14, 15 with cuff placed on the nondominant arm. The most appropriate of three cuff sizes (17-26; 24-32; 32-42 cm) was chosen to have the inflatable portion of the cuff encircling at least 80% of subject's arm. 16 The device was programmed to record BP every 15 min during daytime (from 0700 to 2200 hours) and every 20 min during night-time (from 2200 to 0700 hours). The ABPM was carried out on a working day, and subjects were instructed to keep their arm in a relaxed and stable position during measurements and were encouraged to record their activities, posture, and symptoms on a diary card.
SBP, DBP and heart rate were averaged for the whole 24-h period, and for daytime and night-time periods as well. The proportion of valid recordings in ABPM was 75% or greater in all cases. The following parameters were evaluated: pulse pressure (PP ¼ difference between SBP and DBP); whitecoat effect (WCE ¼ difference between OBP and average daytime BP); BP variability (BPV ¼ standard standard deviation of 24-h, daytime and night-time BP). Based on the percentage difference between daytime and night-time SBP, the study population was divided into 'dippers' and 'nondippers' (respectively X or o10%). [17] [18] [19] Arterial hypertension was diagnosed following the Joint National Committee VII cutoff values (systolic and/or diastolic OBPX140/90 mmHg; systolic and/or diastolic daytime ABPMX135/85 mmHg). 20 
Statistical analysis
Data have been analysed using the STATISTICA StatSoft for Windows '95 package and are presented as mean7s.d. Means and proportions were compared using the Student's t-test and the w 2 -test, respectively. Multiple means were compared by one-way analysis of variance, using least significant difference for post hoc identification of significantly different pairs. The correlation between OBP and ABPM values was evaluated by linear regression analysis. From bivariate comparisons, candidate predictors (Po0.1) of isolated ambulatory hypertension or ambulatory uncontrolled hypertension were identified and entered into separate logistic regression analysis models, to find out the explanatory variables of each individual outcome. A P-value o0.05 was considered statistically significant.
Results
Study population
The study population included 388 untreated subjects and 1100 patients who were already receiving antihypertensive agents (beta-blockers 17.2%, dihydropyridine calcium channel blocker 32.3%, nondihydropyridine calcium channel blocker 9.56%, acetylcholine esterase(ACE) inhibitors 65.3%, angiotensin receptor antagonists 8.5%, diuretics 45.9%). The main demographic and BP data by treatment status are reported in Table 1 . Untreated subjects were significantly younger and had a higher DBP than treated patients both at office and ABPM measurement. Since SBP was similar in the two groups, PP was larger in treated patients. The incidence of white-coat effect was similar in the two groups. Untreated patients showed a slightly but significantly lower SBP variability and a larger SBP night-time fall. Smoking habits, as well as the prevalence of diabetes and dyslipidaemia, were similar in the two groups (data not shown). subjects were assigned to one of eight subgroups that are outlined in Figure 1 .
Of 388 untreated subjects, 18% would have been classified as normotensive (NT) based on OBP measurements only. However, 48% of them proved to be hypertensive at ABPM and, therefore, were finally reclassified as 'isolated ambulatory hypertension' (IA-HT). Similarly, 25% of 1100 treated patients would have been classified as controlled hypertensive (C-HT) based on OBP measurement only, but 45% of them showed abnormally elevated ABPM values, and were therefore classified as 'ambulatory uncontrolled hypertensive' (AU-HT) (Figure 1 ). The opposite phenomenon, which we defined as 'white-coat hypertension' (WC-HT) and as 'ambulatory controlled hypertension' (AC-HT) in untreated and treated patients, respectively, was observed in 21% of clinically hypertensive (HT) and 23% of clinically uncontrolled hypertensive (U-HT) patients. Therefore, isolated ambulatory hypertension and white-coat hypertension were detected in 157 and 257 of 1488 individuals, giving a prevalence of 10.6 and 17.2%, respectively.
Office and ambulatory BP data
Although, by definition, OBP was normal in untreated clinically normotensive and in treated clinically controlled subjects (Figure 1 ), in both treatment subgroups OBP was slightly but significantly higher in patients who had abnormally elevated daytime ABPM values (IA-HT: 12877/ 7876 vs NT: 12579/7777 mmHg; Po0.03 for both SBP and DBP; AU-HT: 12977/7777 vs C-HT: 12379/7578 mmHg; Po0.005 for SBP only). A similar pattern was observed among untreated and treated patients with abnormally high OBP, whose values were higher in HT and in U-HT than in IA-HT WC-HT and in AC-HT subgroups, respectively (data not shown). 
Prevalence of isolated ambulatory hypertension A Ungar et al
To determine whether the classification outlined in Figure 1 distinguished between patients with different hypertension risk profiles, we compared night-time ABPM values (Figure 2 ) and 24-h PP (Figure 3) , which are known to be a strong predictor of cardiovascular remodelling and risk across the eight subgroups. 1, 21 Among untreated subjects, night-time SBP and DBP were significantly higher in IA-HT than in either NT or WC-HT, and highest in HT (Figure 2 
Prevalence of isolated ambulatory hypertension
A Ungar et al BP variability was consistent with the ABPM profile. Independently of treatment status, both 24-h and daytime variability were highest in all groups of patients with abnormally elevated average ABPM values (data not shown). The prevalence of nondippers was significantly (Po0.001) higher in patients with sustained hypertension (HT þ U-HT: 43.8%) and in those showing the isolated ambulatory hypertension effect (IA-HT WC-NT þ AU-HT: 43.2%) than in individuals with normal BP and well-controlled hypertension (NT þ C-HT: 25.8%) and in those showing the white-coat hypertension effect (WC-HT þAC-HT: 31.0%).
Predictors of isolated ambulatory hypertension or ambulatory uncontrolled hypertension
In multivariate analysis, male gender and current smoking were positive predictors, whereas an OBP lower than 125/76 mmHg (the median BP observed in normotensives) was a negative predictor of the occurrence of isolated ambulatory hypertension or of ambulatory uncontrolled hypertension ( Table 2) .
Discussion
This study was aimed at determining the clinical prevalence of isolated ambulatory hypertension in a large series of outpatients with suspected or established arterial hypertension.
To this purpose, using the cutoff values proposed by the Joint National Committee VII, 20 we identified eight subgroups of subjects by their OBP and daytime ABPM measurements. We found that, independent of treatment status, the prevalence of the isolated ambulatory hypertension phenomenon exceeded 10%. More importantly, we observed that 45.3% of individuals who would have been classi- 
Figure 3
The 24-h pulse pressure (PP) in subjects classified into eight subgroups as outlined in Figure 1 . NT ¼ normotensive, HT ¼ hypertensive. Thicker lines are used to visually identify categories of subjects with discordant office and daytime ambulatory pressure classification. Prevalence of isolated ambulatory hypertension A Ungar et al fied as normotensive or optimally controlled hypertensive on the basis of OBP measurement only, were detected to be hypertensive by ABPM. Using a cutoff of 125/79 mmHg to identify hypertensive individuals at ABPM cutoff, which was considerably lower than the one we adopted in the present study, Sega et al 7 have recently found a similar prevalence (9%) of isolated ambulatory hypertension in a general population from the PAMELA study. Had we adopted the same cutoff, the prevalence of white-coat normotension and that of cases erroneously classified as normotensive or optimally controlled hypertensive in our population would have increased to 17.6 and 75.7%, respectively. Our results confirm that isolated ambulatory hypertension is quite common in hypertensive outpatients referred to an Hypertension Center.
The clinical relevance of the isolated ambulatory hypertension phenomenon is highlighted by several observations. In the PAMELA population 7, 22 and in a smaller sample of normotensive individuals studied by Liu et al, 6 isolated ambulatory hypertension was associated with a distinctively increased left ventricular mass index. Bjö rklund et al 13 have shown that isolated ambulatory hypertension predicts cardiovascular morbidity in elderly hypertensives patients. In our study, isolated ambulatory hypertension was associated with night-time BP and 24-h PP values that were significantly higher than those recorded in either normotensive or optimally controlled hypertensive individuals, and close to those recorded in sustained hypertensive individuals. These observations suggest that isolated ambulatory hypertension individuals present a BP profile, which is similar to that observed in patients with sustained hypertension.
Several hypotheses can be made to explain the origin of the isolated ambulatory hypertension: first, this phenomenon might result from an increased BP variability, occasionally leading to normal BP measurements during office control that are not confirmed by subsequent ABPM. Indeed, we found that BP variability was significantly higher in patients showing the isolated ambulatory hypertension effect than in those in the normotensive or the optimally controlled hypertensive groups. Second, waiting for the office visit might represent an 'unusual' situation of rest capable of inducing a state of relaxation that is far from average 'real' life rest condition of the subject. Finally, we might hypothesize that isolated ambulatory hypertension derives from a peculiar emotional profile of some individuals, who are reassured, rather than distressed as it has been observed for the white-coat hypertension phenomenon, 23 by the presence of a physician. However, studies comparing the emotional profile of white-coat hypertensive and whitecoat normotensive individuals are still missing.
Several recent studies showed that ABPM BP values are more strictly related to cardiovascular risk than high OBP, both in untreated 21 and treated patients. 24, 25 For this reason, we believe that patients with isolated ambulatory hypertension must be identified by extending ABPM indications. Indeed, both the WHO and the Joint National Committee VII restricted the use of ABPM to (1) cases with suspected white-coat hypertension (ie those with high OBP in the absence of target organ damage), (2) hypertension resistant to drug therapy, (3) suspected hypotensive episodes, and (4) high variability of OBP on different measurements. 20, 26 Our data suggest that, among cases referred to a hypertension centre for assessment of suspected arterial hypertension who have been found normotensive at OBP measurement, ABPM is particularly indicated in males, smokers and patients with highnormal OBP values. Indeed, almost 50% of these patients appear at risk of misclassification, even when conservative cutoff values are adopted. The high prevalence of isolated ambulatory hypertension that we and others 7 have found, its potential clinical significance, 6, 13 and its unfavourable BP profile, must be underlined.
Study limitations
OBP values were defined as the average of two mean OBP conventional measurements, taken 24 h apart, when ABPM was placed and removed. This assessment contrasts with the current guidelines for the diagnosis of hypertension in new patients, which stated diagnosis that should be based on multiple BP recordings on separate occasions. 27 However, this point may not be critical in treated patients, in which the prevalence of isolated ambulatory hypertension was the same of untreated hypertensives.
Moreover, the lack of data on cardiac or vascular remodelling is another limitation to be acknowledged in our study, which was not aimed at assessing the damage to target organ associated with isolated ambulatory hypertension, but rather its clinical prevalence in a population of outpatients referred for routine evaluation of hypertension. However, since it has been demonstrated that left ventricular hypertrophy is associated with isolated ambulatory hypertension as defined by cutoff BP values as low as 125/79 mmHg, 7 cardiac remodelling should be even more marked with more conservative diagnostic criteria, such as those adopted in our study.
Conclusions
In conclusion, we believe that the present study adds valuable information to the characterization of the recently described isolated ambulatory hypertension and to the management of hypertensive patients. We demonstrated that the isolated ambulatory hypertension has a substantial prevalence in an outpatient population, a finding that suggests the need for a wider use of ABPM than presently recommended.
